Thin layers of mixed oxides CeO2 Ti02 and CeO2 -Zr02 with molar ratio 1 : 1 have been prepared by sol-gel process using the dip-coating technique. The precursor sols consist of a mixture of nitrate amomum cerium salt (Ce(NH (NO3)6), zirconium propoxide or tetraisopropyl orthotitanate and ethanol. The 
INTRODUCTION
The development of all solid state electrochromic devices such as smart windows and reflective mirrors is of utmost importance'. A typical system working in transmission is made of five layers sandwiched between two glass substrates ( Figure 1 ). There are two transparent electrical conductors which are required for setting up a distributed electric field, an electrochromic layer, an ionic conductor (electrolyte) and an ion storage layer (counter electrode) for H or Li ions.
Glass

ITO Electrochromic material
Electrolyte
Counter electrode ITO Glass When a small current is passed through the cell the ions stored in the counter electrode diffuse toward the electrochromic layer and change its transmittance continuously over a wide spectral range and consequently alter the overall optical transmission of the device. These devices have a time response which varies from seconds to less than a minute and most of them can maintain their optical properties when the power is turn off for several hours (memory effect). When the process is reversible, the original bleached state is obtained by reversing the applied voltage.
The current collecting layers are usually made of a mixed oxide InO3 -Sn02 (iTO) of low electrical resistivity. Nowadays the preferred electrochromic layer is W03 which structure and color are modified by electrochemical insertion of ions following the reaction.
where A4 can be H', Li4, Na', etc.. xA'-i-xe+W03 &W03 (1) The net result of the insertion reaction is the reduction of the transparent W03 host material and its transfonnation into a blue colored tungsten bronze W' 03..Z W (OA)1 .Its coloration is due to the presence of a large absorption band in the visible and near infrared region (E 1 .4eV) attributed to electronic transitions from the reduced tungsten ions states W toward the conduction band. Although the chemical diffusion of Li' ions is smaller than that of H', those ions are preferred for the realization of devices as hydrogen usually present degassing phenomenon and the acid media of the electrolyte limits the lifetime of the protonic based devices4.
Many electrolytes have been proposed and tested. The advantages of polymeric ion conductors over liquid ones is now recognized4' as they provide good electrolyte/electrode contact and present less problems of leakage. Among them polyethylene oxide (PEO) complexed with alkali salts such as LiClO4, LiCF3SO3 or LiN (SO2CF3) exhibits good Li conductivity in the range iO -iO' Scni' at room temperature. The use of PEO with the first two salts is somewhat limited because of the crystallization of these compounds at room temperature. UN(CF3SO2) is preferred since its vitreous transition temperature is much lower.
The choice of a good counter electrode is more problematic. Various oxides such as V2O57, 1r2038'9, In this paper we present the optical and electrochromic characterization of a new ion storage layer of composition "°2 CeO2 : it is prepared by the solgel process and shows very promising properties for the realization of electrochromic devices working either with H or Li' ions. The Ti02 -CeO2 coating already described 11,12 has been used to realize complete transmissive cell having the following 
MATERIALS AND PROCEDURES
We describe in this section the materials and procedures used to prepare the different coatings.
Electronic conductor
We used Baltracon Z 20 (Balzers) ITO thin films deposited on glass plates 1.5 mm thick; the layers have an electrical resistivity of 200 fl/fl.
Electrochromic coating
The W03 layers were deposited from the corresponding oxide powder by vacuum evaporation onto ff0/glass substrates. The W03 films were amorphous to X-ray diffraction and their thickness measured with a Talystep was of the order of 200 300 nm. The films have been characterized electrochemically and the chemical diffusion coeficient for Li ions D = 2,5.10" cm2/s at 25°C has been determined by analysing the low frequency response of the impedance data7.
The polytoluidine coatings have been polymerized potentiodynamically directly on the ff0/glass substrate in deoxigenated 0. 1 mol/l HS04 solutions containing 0,1 mob'! of aniline. The potential was cycled between 0.0 and 1.4 V vs HESS with a scan rate of 0.1 V/s. The polytoluidine film was obtained after 23 cycles.
Electrolyte
For the all solid state cell using Li ions we used a polymer electrolyte complex prepared by dissolving polyethylene oxide (PEO) powder (M.W. = 9.106) and Li N(SO2CF3)2 salt in acetomtrile with an 0:Li atomic ratio of 10: 1 ; this preparation corresponds to the highest conductivity of this system. The viscous liquid prepared in glove box in absence of humidity was poured on the glass /ITO/W03 substrate. The solvent was evaporated at 50°C during 48h. The substrates were then kept in the dry box for further processing. The films are typically 50 to 200 nm thick.
For the all solid state cell using H ions a cellulose polyacetate protomc gel was prepared with the following process: O.5g of cellulose monoacetate (Rhodialite-Rhodia-Brazil) was diluted in 2 ml of acetone.
After dissolution 2 ml of an 80 vol% glacial acetic acid in water was added. The gel obtained was poured on one of the substrate.
Sol-gel storage coatings (counter electrode)
Ti02 CeO2 films have been prepared by the sol-gel process using the dip coating technique. The precursor so! was prepared by disso!ving Ce(NH4)(NO3)6 salt in ethano! to which was added tetraisopropyl orthotitanate Ti(O4soCH7)4 with an atomic ratio Ti:Ce=1 : 1 . The concentration of the cerium salt in ethanol was O,25M (limit of so!ubiity). No special care was taken to !inilt the presence of water in the so!ution as the cerium salt acts as an acid which reduces the pH and prevents the Ti(OPr)4 precipitation. The !ayers were deposited by dip coating on carefully c!eaned and dried iTO coated glasses (Baltracon z 20) at a withdrawal speed of 10cm/mm. After drying the films at room temperature for 15 minutes, they have been partially densified by heat treatment in air at 450°C during 15 mm. Their thickness is typically 60 to 80 nm. The whole procedure was repeated 3 to 4 times to obtain ticker films.
The same method was applied to prepare Zr02 -CeO2 thin films using however a precursor so! prepared by mixing zirconium propoxide (Zr(OPr)4,Ce(NH4)(NO3)6 salt with atomic ratio Zr.Ce =1: 1 and ethanoL
TRANSMISSIVE DEVICES USING CeO2 -Ti02 STORAGE IONS ELECTRODE
In this section we present the optical and electrochemical behaviors of various all solid state cells working in transmission, all using the CeO2 -Ti02 sol-ge! coating as counter electrode. The mounting of the cell was done in a glove box. The polymer electrolyte was poured onto the substrate /glass/1TO/LiWO3/ and the other side of the window CeO2 -TiOj!TO/glass was then pressed firmly against the first substrate. The cell was then sealed with Torr seal glue. Figures 2 and 3 summarize its optical (at = 750 rim) and electrical properties. The response to a potenciostatic signal is shown in figure 2 . The curve of the current presents a rapid change of its curvature for a cathodic polarization (-2,5 V) around t = 20s, i.e. when the Li ions are transferred from the e!ectrochromic W03 layer toward the storage coating. Similar behavior has also been observed with Ce02-Ti02 electrochemical study in a PC-O,1M LiC!04 electrolyte". This indicates that the determining step of the process is the insertion of Li' into CeO2 -Ti02. We believe that this rapid variation is due to a decrease of the diffusion coefficient of the lithium ion (13) when the concentration of Li reaches a certain value.
In order to confirm this assumption, the current variation was studied varying the potential limits. By this way we change the residual charge (y) which stays inserted into the counter electrode, and thus, modify the initial charge before each new insertion. Figure 4 shows the observed response of the window. We can clearly observe the two steps variation of the current and see that the fall of the current is delayed when (y) is large (high negative limit of the potential step). The overall optical transmission of the window in the visible-near infrared range is shown in figure 6 . In the bleached state the window presents an optical transmission of the order of 60% between 700 and 1000 nm. This value is reduced to 20% when the window polarization is inverted (colored state). The second window which has been built up is working with H4 ions and has the following configuration:
/glassIJTO/H WO llulose-polyacetate/H(ceO2 -Ti02)/ITO/glass/ 500 600 700 800 900
The mounting of the cell was done in air using the same procedure as described above. Figures 5,6 ,7 and 8 show its optical and electrical properties. Icorrosion of the W03 and/or ITO layers by the acidic electrolyte (see fig. 5 ). The overall optical transmission variation is slightly larger for the aqueous electrolyte; this is due to the fact that after several cycles we have observed in the Li' conducting window the presence of small bubbles or holes in the PEGLi complex polymer. These bubbles tend to coalesce and start to scatter the transmitting light reducing in this way the optical transmission in the bleached state. We believe that this phenomenon can be eliminated by using plasticizers in order to strengthen the polymeric structure.
3.2 Device based on Polymer/electrolyte/CeO2 -Ti02
The electrochemical and electrochromic response of an electro-polymerized polytoluidine film in either a O.1M H2S04 aqueous solution or a O.1M LiClO4 non aqueous acetonitrile (AN) solution have already been described 13• A reversible insertion process was observed accompanied by a colour change ranging from yellow to blue. The electronic absorption spectrum of the polytoluidine film in the reduced and oxidized states are shown in fig. 9 . The polyanisidine film shows similar optical properties. We observe a smaller variation of the optical transmission compared to that seen in figure 9 ; this may be related to an interaction between the polytoluidine and the polymer electrolyte. The loss in charge between the 25to the 2500th j smaller than 5% demonstrating a good reversibility of the electrochemical process.
The results are better using the protonic system made of cellulose polyacetate polymer electrolyte. 
A NEW COUNTER ELECTRODE
Films of Zr02 C12 were realized by the same process as that used for the CeO2 -Ti02 film (see section 2).
A voltammetry in a 0.1 M HSO4 aqueous solution shows a reversible behavior and good H' insertion velocity ( fig. 13 ). The X-ray spectrum is identical to the CeO2 -Ti02 one" and shows the characteristic CeO2 crystaffites peaks. Its behavior in organic electrolyte for Li insertion and the realization of complete all solid state windows are under investigations. 
CONCLUSION
Several all solid state electrochromic windows have been realized using as a counter electrode (ion storage) a CeO2 -Ti02 coating prepared by the so1ge1 process. This compound can store either H' or Li' ions. The best optical and lifetime behavior is obtained using W03 as an electrocbromic layer and PEO Li N(CF3SO2)2 as an electrolyte. The optical transmission change varies from 60% to 20% and the time response from the bleached state to the coloured state is of the order of 50 s . The speed limitation of the response is due to the insertion process of the Li' ion into the CeO2 -Ti02 layer as demonstrated by the rapid decrease of the potenciostatic response. The Li' chemical diffusion coefficient appears to decrease when a certain value of y is reached in the Li, (CeO -Ti02) compound.
